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2. Citations and explanations (Rule 70.7) 

Reference is made to the following documents: 

D1:US6084228 

D2:US4804832 

D3:EP0625692 

D4:US5670774 

Additional document, not cited in the International Search 

Report : 

D5:US6379013 

Dl discloses a directional solar sensor. The sensor comprises 
a shading and separating vertically oriented circuit board. A 
diffuser is positioned between the cover and the sensor 
surface. According to the document, angular calibration is 
known . 

D2 describes a way of detecting the direction of incoming 
radiation by means of four detectors separated by shading (and 
reflecting) elements. 

D3 describes a directionally sensitive solar sensor. In an 
embodiment a filler (silicone or epoxy) is molded onto a 
matrix of sensor surfaces serving as protection or filter of 
the sensor. Furthermore, the document describes that using a 
diffuser is known. 

D4 discloses a photo sensor to detect the direction of 
incidence. The document teaches that angular calibration can 
be determined by tipping the sensor relative to the direction 
of incident light. 
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D5 describes a light sensor in a vehicle equipment control 

housin^?^! ^ SCr ^ eS " SSnSOr (f «> disclosing a 
housing filled with epoxy (column 19, lines 21-66) 

SSSTT ° rdSr t0 d±reCt the towards the sensor 

37 Mn4s l/Aa) ^ ^ add6d t0 thS enca P sulant (column 

Dl is considered to be closest in describing the invention 

rrf 2 1 5 diff "Z" 20, ThS invention ol^-d in claims ^-2? 
thai at ^ S6nSOr describe d in Dl by stating 

that at least three sensing elements are used and that thev 
are separated by shading elements. The effect is that tK 
sensor is more directionally sensitive. Dl discloses two 
sensors separated by one wall, the circuit board. D2 Reaches 
alte ™ ative solution of four sensors separated by lour 

of iL™- Pe ^° n Sk±lled ±n thS art ' faced ^Ith tne proSm 
?LmXTi n9 fc ? e ? a 3 ular ^sponse of the sensor in Dlf knows 
shaSina IT S °i Utl ° n °* Usin * additional sensing elements and 
i? elementS * T ° d±Vide into at least three sections is 

TcJLd^Tt^ ° m ^ Pr±0r art ' SSe for ^stance US32 93440 
(cited in the search report) . 

Since Dl and D2 cover the same technique, it is obvious to a 

EE'S - ed ±n art ' faCed W±th "> e P roblem of improving 

SLr?H° r ln D1 ' t0 fUrther se P a *ate the compartments into a? 
least three separate sections. 

Jo ^he^^din^^^ 116 Sensin 9 spaces in D2 are perpendicular 
™ e - siding flanges. However, since the posture of the 
sensing elements is identical in the invention and in Dl the 

Z£L£ fferenCS is the of compartments and add5tiona? 

separating elements. To further divide the sensor in Dl Mo 
more compartments does not involve an inventive step 

Accordingly, the invention claimed in claims 1-2 4-8 12 -m 
does not fulfil the requirement of inventive step ' " " 

IT br^tatinr 0 ^^^ 0 - 01 " 1 ^ 3 ' 9 " 11 16 differs from 

ux By stating a diffusive compound that is a pottina 

e«ect°of th etWeen th S ?° USing and the Sensin * element The 
effect of the compound is protective and diffusive. However 
protecting resins molded into a sensor are known in STIrt' 
see for instance each of D3 and D5. The invention claimed Tn 
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claim 10 does not fulfil the requirement of inventive step. 

Jhf 1 ^^- filterin 9 means is disclosed in Dl. However, 

deLrSed ^nr^ 8 i? „ * ShSl1 ' The di «^ing compound 
described in D5 is added to the encapsulant. a diffusive 
compound that. is a potting, positioned between the housing 
the sensing element, is not known from the cited document 
Consequently, the invention claimed in claims 3 r 1 f TS !i 
is new and involves an inventive step. 

^L^r^ 1011 ac . cordin 9 to bairns 17, 18 and 19, 20 differs 

Ca^ration TlT* * ° f calib -tion and measurement 

Sted US526469? J* " ^ D1 ' ™ ^ &1SO fr ° m th * 

y? 5264 f 91 - F °r a person skilled in the art of 

calibration of a directional radiation sensor it is considered 
obvious to rotate in azimuth and elevation under a light 
source, save the acquired data and calculate coefficients for 
Se «?E T- S ' Pur 1 thermo ^' ^ is considered obvious to use 
the calibration values for measurements. Consequently tne 

SSf^ aCC ° rdin9 t0 Claims 18 and 19, To doL no 

fulfil the requirement of inventive step. 

The invention is industrially applicable. 



INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY I application No. 

[PCT/SE2 004/00 1032 

Box No. Vn Certain d efects In the international application 

TT>e following defects in the fbnn or contents of the international application have been noted: 

On page 2 of the claims, part of claim 8 is present 

*iffusi V e compound JTi^^SS^ 9 ft, 2 



Form PC1/1PHA/409 (BoxNo. VII) (April 2005) 



.*• » 



10 



15 



20 



25 



30 



I The Swedish Patent Office | rwtr , ci- onn* « n 4 n *» o 
2005-09-12 I PCT International Application | PCT/ SE Z004 / 0 0 1 0 3 2 

118039 JST/JST ~~ 12-0* 2005 



CLAIMS 



1. A photo radiation intensity directional sensor (1) comprising a 
housing (2) having a transparent or translucent portion (4), and a 
printed circuit board (7) placed in such way in the housing (2) ttiat one 
of its edges (37) faces the transparent or translucent portion (4) 
where at least a first and a second sensing element (5a, 5b) sensitive 
to radiation are placed at a first side (7') of the printed circuit board (7) 
where the first and second sensing elements (5a, 5b) are separated 
by a first flange (8), serving as a shading element, characterise 
d i n that at least a third sensing element (5'; 5c) sensitive to radiation 
is placed at a second side (7") of the printed circuit board (7), where 
said sensing elements (5a, 5b, 5'; 5c) are arranged to detect both the 
direction and the intensity of the radiation source and for producing 
output signals which are used for estimating the sun radiation heating 
impact, and where the printed circuit board (7) is arranged in such a 
way that it functions as a shading element between the areas on its 
first (7') and second (7") side where the sensing elements (5a. 5b, 5'; 
5c) are mounted. 

2. A photo radiation intensity directional sensor according to claim 1 
c h a r a c t e r i z e d i n that a fourth sensing element (5d) is placed 
at the second side (7") of the printed circuit board (7), where the third 
(5c) and fourth (5d) sensing elements are separated by a second 
flange (9), serving as a shading element. 

3. A photo radiation intensity directional sensor according to any 
one of the claims 1 or 2, characterized in that the housing 
(2) comprises a chamber (36) containing a diffusive compound (35) 
that is a potting, which compound (35) is positioned between said 
housing (2) and said at least one sensing element (5a, 5b, 5'; 5c, 5d) 
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4. A photo radiation intensity directional sensor according to any 
one of the preceding claims, characterized in that the 
shading elements (7, 8, 9) are arranged to prevent exposure of 
radiation to the sensing elements (5a, 5b, 5'; 5c, 5d) which are 
separated by the shading elements (7, 8, 9), to a degree depending on 
the position of the photo radiation intensity directional sensor (1) in 
relation to a source of photo radiation, said shading elements (7, 8, 9) 
are thereby arranged for creating differences in output amplitudes 
from the sensing elements (5a, 5b, 5'; 5c, 5d), which difference in 
amplitude is used for estimating the position of the source of radiation. 



5. 



6. 



A photo radiation intensity directional sensor according to any 
one of the claims 3 or 4, characterized in that the shading 
elements (7, 8, 9) divide said chamber (36) into sub compartments, 
each containing one or several sensing elements (5a, 5b, 5'; 5c, 5d). 

A photo radiation intensity directional sensor according to claim 

5, characterized in that the chamber (36) includes a top 
region (39) forming part of said sub compartments (12, 13; 25, 26), 
where said top region (39) is vertically arranged in relation to said 
shading elements (7, 8, 9) such that said shading elements (7, 8, 9) do 
not prevent photo radiation from impinging on at least a portion of 
each sub compartment (12, 13; 25, 26) in said top region (39). 

A photo radiation intensity directional sensor according to claim 

6, characterized in that said top region (39) is positioned 
vertically above said shading elements (7, 8, 9). 

8. A photo radiation intensity directional sensor according to any 
one of the claims 5or6, characterized in that said chamber 
(36) includes a bottom region (46) forming part of said at least three 
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A photo radiation intensity directional sensor according to any 
one of the claims 5 or 6, characterized in that said chamber 
(36) includes a bottom region (46) forming part of said at least three 
sub compartments (12, 13; 25, 26), where said bottom region (46) is 
vertically arranged below an upper edge (37, 38) of each of said 
shading elements (7, 8, 9). 

A photo radiation intensity directional sensor according to any 
one of the preceding claims, characterized in that said 
sensing elements (5a, 5b, 5'; 5c, 5d) are positioned inside said 
chamber (36) and being exposed to said diffusive compound (35). 

A photo radiation intensity directional sensor according to any 
one of the preceding claims, characterized in that said 
compound (35) is arranged to preserve said sensing elements (5a, 5b, 
5'; 5c, 5d) from oxidizing. 

A photo radiation intensity directional sensor according to any 
one of the claims 2-10, characterized in that the printed 
circuit board (7) carries further electronic circuits, and is positioned at 
least partly inside said chamber (36) such that said electronic circuits 
and sensing elements (5a, 5b, 5'; 5c, 5d) are protected from negative 
influence on the environment by the diffusive compound (35). 

A photo radiation intensity directional sensor according to any of 
the preceding claims, characterized in that said photo 
radiation intensity sensor includes a radiation filter transparent to a 
defined frequency interval, which radiation filter is arranged to block 
radiation outside said frequency interval from impinging on said 
sensing elements. 
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A photo radiation intensity directional sensor according to claim 
12, characterized in that said radiation filter is constituted by 
said compound (35). 

A photo radiation intensity directional sensor according to claim 
12, characterized in that said radiation filter is constituted by 
a lens element (4). 

A photo radiation directional intensity sensor according to any of 
the preceding claims, characterized in that said sensing 
elements (5a, 5b, 5'; 5c, 5d) are sensitive to infrared and/or visible 
light. 



A photo radiation directional intensity sensor according to any of 
the preceding claims, characterized in that said diffusive 
compound (35) is a liquid or a gel. 

A photo radiation directional intensity sensor calibration method 
for a sensor according to claim 1 , comprising the steps: 
rotating the sensor (1) 360° in azimuth and from 0° to 90° in elevation 
under a fixed light source, which rotation takes place in predetermined 
steps; 

measuring all the azimuth steps for each elevation step, where each 
measurement results in a value from each sensing element (5a, 5b, 5"; 
5c, 5d) that is part of the sensor (1); 

saving the acquired data amount in the form of tables and comparing 

with those of an ideal solar sensor; and 

calculating correction coefficients from this comparison. 

Calibration method according to claim 17, 
characterized in that tables containing these correction 
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coefficients, which tables are converted into graphs, are stored in a 
digital memory for every individual solar sensor. 

19. A photo radiation directional intensity sensor measuring method 
for a sensor according to claim 1 , comprising the steps: 
measuring the output values U1, U2, U3, U4 from each sensing 
element (5a, 5b, 5'; 5c, 5d), and saving the measurement values to a 
digital memory; 

calculating an average value U avg of the signal acquired from the 
sensing elements (5a, 5b, 5'; 5c, 5d), which average value U avg is 
proportional to the intensity of the detected radiation; 
calculating differences between output signals of' opposite sensing 
elements (5a, 5b; 5'; 5c, 5d); 

calculating normalized values p and q of the above differences by 
dividing them with Uav g ; 

calculating a first azimuth angle value A 2 = Cl arctan(p/q), where Cl is 
a constant; 

calculating a corrected azimuth angle value, using the calculated first 
azimuth value A 2 and using comparison with correction coefficients; 
calculating a first elevation angle value E = C^VpT?" where C 2 is a 
constant; 

calculating a corrected elevation angle value, using the calculated first 
elevation angle value E and using comparison with correction 
coefficients; 

calculating a first intensity value I = C 3 U av9 where C 3 is a constant; and 
calculating a corrected intensity value, using the calculated first 
intensity value E and using comparison with correction coefficients. 

20. Measuring method according to claim 19, 
characterized in that the correction coefficients are those 
which are determined according to any one of the claims 1 7 or 18. 



